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i 
KATA  PENGANTAR 
 
 
Selamat datang di 5th National Industrial Engineering Conference yang bertemakan Industrial 
Engineering in a Competitive and Borderless World:  Innovation and  Technopreneurship for 
Improving National Economy. 
 
Menghadapi era perdagangan bebas dan globalisasi, paradigma integrasi sistem dan integrasi 
bisnis tidaklah cukup untuk menghasilkan keunggulan kompetitif bagi suatu industri.  Pelaku 
bisnis dan industri harus memiliki  jiwa  inovatif dan entrepreneurship yang berbasis 
teknologi untuk meningkatkan perekonomian nasional agar mampu memenangkan persaingan 
pasar global.  Dalam  rangka menyebarluaskan informasi yang berkenaan dengan paradigma 
baru ini, Jurusan Teknik Industri, Universitas Surabaya pada tahun 2009 ini meyelenggarakan 
5th National Industrial Engineering Conference.  Seminar nasional ini merupakan  program 
berkala yang turut didukung oleh berbagai pihak yang meliputi pihak pemerintah dan swasta, 
institusi pendidikan maupun non pendidikan.  Sebagai kelanjutan dari 4th National Industrial 
Engineering Conference, seminar ini memilih Innovation and Technopreneurship for 
Improving National Economy  sebagai tema utama. 
 
Seminar ini menyertakan  70  makalah terpilih yang berasal dari partisipasi para pemakalah.  
Berdasarkan latar belakangnya para pemakalah tersebut berasal dari berbagai institusi 
pendidikan maupun non-pendidikan.  Kami sangat berterimakasih atas besarnya partisipasi 
para peneliti dari industri dan institusi pendidikan ini.  Topik makalah yang disajikan meliputi 
Innovation System and Management, Technopreneurship, Enterpreneurship Education, R & 
D Management, Management of Technology, Technology transfer, marketing and 
commercialization, Science park and incubation center, Product design and development, 
Ergonomics, safety, health and risk, E-business and E-commerce, Entrepreneurships and 
technology policy, Industrial and manufacturing systems, Innovation in service, Logistics and 
supply chain management, Project and program management, Quality management, and 
Knowledge management. 
 
Besar harapan kami, melalui Seminar ini, para peserta mendapatkan peluang menambah 
wawasan, membangun kerjasama antar praktisi dan akademisi serta menginspirasi timbulnya 
ide-ide baru bagi kemajuan bersama. 
 
Sampai berjumpa di 6th National Industrial Engineering Conference ! 
 
  
 
Surabaya, 2 Desember 2009 
 
 
     Editor 
 
 
5th National Industrial Engineering Conference 
 
 
 
ii 
 DAFTAR ISI 
 
Kata Pengantar i
Daftar  Isi ii
Keynote Speech: Collaboration: Langkah Mempercepat Inovasi dalam 
Supply Chain 
Joniarto Parung 
 
viii
Studi Eksplanatori Faktor-Faktor yang Mempengaruhi Behavioral Intention 
KFC Cabang Darmo Surabaya 
Fanny Suteja, Indarini, Christina R. Honantha  
 
1
Studi Deskripsi Pemetaan Service Redesign pada Rumah Makan di Surabaya 
Erna Andajani 
 
9
Analisis Sistem Perawatan Preventive Dengan Pendekatan Reliability 
Centered Maintenance II 
Hotma Antoni Hutahaean, Lioe Leony 
 
20
Peningkatan Kualitas Layanan Perbaikan  Peralatan Dengan Menggunakan 
Metode Zone Of Tolerace (Studi Kasus PT. Astra Graphia Tbk Cabang Kota 
Bandung) 
Hendang Setyo Rukmi, Abu Bakar, dan Joko Prayugo 
 
29
Atma Jaya Working Performance Test (AWPT) For Manual Assembly Job 
Bernadus Kristyanto dan Benyamin Langgu Sinaga 
 
37
Identifikasi Faktor-Faktor Penentu Sukses Pelaksanaan TQM Perusahaan 
Manufaktur Berbasis ISO 9000 di Indonesia 
Djojo Dihardjo 
 
45
Hubungan Budaya Organisasi, Budaya Inovasi dan Tipe Kepemimpinan 
Perusahaan  
Kriswanto Widiawan dan Maise Vania Thedja 
 
59
Perbaikan Desain Kloset Sebagai Fasilitas Umum di Pusat Perbelanjaan Di 
Surabaya 
Linda Herawati Gunawan, Rosita Meitha, Robertus Setiawan 
 
67
Pengukuran Kepuasan Konsumen, Penerapan Kano, dan Perhitungan  
Pangsa Pasar Biskuit Gabin Manis Arrow Brand UBM 
Elisabeth Nugraheni, Bambang Tjitro S, Zulaicha Parastuty. 
 
74
Perancangan Dan Pengukuran Produktivitas Dengan Metode Multifactor 
Productivity Pada Industri Jasa Di Auto 2000 A.Yani, Surabaya 
 Lisa Mardiono, Benny Lianto, Jovita Trisnadewi Kwan 
 
 
86
5th National Industrial Engineering Conference 
 
 
 
iii 
Peningkatan Kualitas Tape 31 melalui Desain Eksperimen sebagai Upaya 
untuk Mengatasi Komplain dari Konsumen 
Debora Anne Y. A., Julianingsih, Wishnu Adiluhung 
 
96
Strategi Inovasi Perusahaan Manufaktur Di Surabaya 
Kriswanto Widiawan dan Maria Cahyadi 
 
105
“Meniskus” Sarana Diagnosa Mata Yang Diintegrasikan 
Kumara Sadana Putra 
 
112
Unit Commitment Menggunakan Algoritma Simulated Annealing (SA) Pada 
Pembangkit Belawan Indonesia 
Abdul Basith dan Imam Robandi 
 
121
Evaluasi Training Dengan Menggunakan Model Kirkpatrick (Studi Kasus 
Training Foreman Development Program  
Di PT. Krakatau Industrial Estate Cilegon)  
Hendang Setyo Rukmi, Dwi Novirani, Ahmad Sahrul 
 
131
Analisis Kualitas Pelayanan Purna Jual “Layanan Prima” dan Kepuasan 
Pelanggan di PT. Indomobil Suzuki International 
Feliks Prasepta Sejahtera Surbakti 
 
139
Pengukuran Dampak Store dan Customer Card Satisfaction Terhadap 
Loyalitas Pelanggan Carrefour Surabaya 
Theresia A. Pawitra, Indri Hapsari, Adelina Christina T. 
 
148
Aplikasi FMEA dan Rekomendasi Perawatan Fixture Pada Proses Perakitan 
Produk Y (Studi Kasus di PT. ABC) 
Muslimin 
 
156
Model Sistem Pengendalian Persediaan Multi Komponen Berdasarkan 
Jadwal Perawatan Gabungan 
Hendro Prassetiyo, Fifi Herni M., Elfikrie Andross 
 
165
Perbaikan Stasiun Kerja Serut Berdasarkan Aspek Antropometri dan 
Biomekanika 
Yanti Helianty, Regi Hermawan , Caecilia Sri Wahyuning 
 
174
Pengukuran Efektivitas Katalog Carrefour, Hypermart, dan Giant  
di Surabaya 
Theresia Pawitra, Indri Hapsari, Reni Anjani 
 
183
5th National Industrial Engineering Conference 
 
 
 
iv 
Penerapan Metode Experiential Learning Pada Mata Kuliah Kewirausahaan 
Tri Siwi Agustina 
 
191
Evaluasi Dampak Macroecomics News dalam Prediksi Nilai Tukar USD/JPY 
Menggunakan metoda Hybrid Fuzzy Logic System  - Artificial Neural 
Networks. 
Yohanes Gunawan Yusuf 
 
202
Penetapan Jadwal Produksi Berdasarkan Optimalisasi Harga Jual Produk 
Edi Santoso, Singuowati, Nunung Nurhasanah 
 
211
Penjadwalan Produksi Dengan Pendekatan Metode Acts (Apparent Tardiness 
Cost With Setups) Dan Algoritma Branch And Bound 
Hotma Antoni Hutahaean, Erfin Putra Indra 
 
223
Menggoreng Sampah Kantong Plastik: Sebuah Upaya Kreatif  
Menanggulangi Masalah Lingkungan 
Waluyohadi 
 
233
Usulan Perbaikan Stasiun Kerja Berdasarkan Metode Cumulative Trauma 
Disorders (CTDs) Risk Index di PT. PINDAD 
Arie Desrianty, Yuniar, Adi Kustandi Nugraha 
 
241
Model Balanced Scorecard untuk Mengukur Kinerja dan Merancang Peta 
Strategi pada Perusahaan Pertambangan 
Feliks Prasepta Sejahtera Surbakti 
 
251
Pengaruh Ras, Jenis Kelamin dan Cara Berpakaian Terhadap Pelayanan 
Kasir Carrefour di Surabaya  
Indri Hapsari, Theresia A. Pawitra, Frida Safitri 
 
259
Aplikasi Metode Kano dan TRIZ untuk Peningkatan Kualitas Layanan 
(Studi Kasus: PT Angkasa Pura I – Bandara Juanda, Surabaya) 
Yenny Sari, M. Rosiawan dan Ervina Kurniawan 
 
269
Aplikasi Ergonomi Untuk Mengoptimalkan Penyusunan Jadwal Mata Kuliah 
(Studi Kasus di Institut Teknologi Indonesia) 
Linda Theresia  
 
279 
Prototipe Sistem Terotomasi Sealant Process Menggunakan Robot Fischer 
Pada Produksi Panel Door (Case Study in PT Mitsubishi Krama Yudha 
Motors and Manufacturing) 
Rahmi Maulidya, Aditya Adji Wibowo 
 
287
Perbaikan Kualitas Dengan Menggunakan Pendekatan Fuzzy SPC dan  
Fuzzy FMEA Di Industri Garment (Studi Kasus PT.A) 
Rina Fitriana, Marimin  
 
295
5th National Industrial Engineering Conference 
 
 
 
v 
Pengembangan Model Dinamika Rantai Pasok Produk Mudah Rusak 
(Perishable Product) Sebagai Dasar Penentuan Kebijakan 
Ika Sartika 
 
305
Strategi Pemilihan Pemasok dengan Metode Fuzzy Analytical Hierarchy 
Process dan Fuzzy Multi Criteria Decision Making 
Imam Santoso, EF. Sri Maryani, Isti Purwaningsih dan Cynthia Naluria Hadi 
 
313
Penerapan Metode Integer Linear Programming Dalam Distribusi Produk 
Tiang Pancang Bulat Sentrifugal Untuk Meminimasi Biaya Transportasi Di 
Perusahaan Logistik PT. Firman Setia Kawan 
Nurlailah Badariah, Dadang Surjasa, Idham Dwinanto  
 
320
Pengembangan Alat Bantu Pengambilan Keputusan Pengelolaan Sparepart 
Pada Provisioning 737 Ng. 
Bahauddin Amala* , Ratna Sari Dewi **, dan Ahmad Rusdiansyah** 
 
330
Integrasi Informasi Subyektif dan Obyektif dalam Penentuan Ranking untuk 
Problem Multi Criteria Decision Making 
Evy Herowati 
 
338
The Robust Emotional Design: ‘An Application of Design of Experiment 
incorporating with Ergonomics’ 
Markus Hartono 
 
347
A Field Study of Thermal Environment in Low Cost Housing In Malang  
Indyah Martiningrum, Agung Murti Nugroho 
 
359
Profil dan Proses Bisnis Ritel Online di Indonesia 
Gunawan  
 
366
Aplikasi Ergonomi dalam Safety Pictogram untuk Produk Makanan dan 
Mainan Anak-anak 
Linda Herawati Gunawan 
 
372
Model Sistem Pengendalian Persediaan Multi Komponen Berdasarkan 
Jadwal Peraw.atan Gabungan 
Hendro Prassetiyo, Fifi Herni M., Elfikrie Andross 
 
380
Analisis Implementasi Continuous Improvement Dalam Meningkatkan Daya 
Saing Industri Kecil Menengah (Studi di Wilayah Kabupaten Ciamis) 
Asep Yunta Darma 
 
389
Model Sistem Logistik Gula Kristal Putih Pulau Jawa 
Leni Herdiani  
 
 
 
398
5th National Industrial Engineering Conference 
 
 
 
vi 
Penentuan Prioritas Strategi Pengembangan Produk Unggulan Kabupaten 
Purbalingga 
Anggara Hayun Anujuprana 
 
408
Kemajuan Adopsi Teknologi Mendorong Proses Manajemen Inovasi Jasa 
Sebagai Strategi Memenangkan Persaingan Dalam Bisnis 
J.E.Sutanto 
 
416
Analisa Pasar Dan Strategi Pemasaran Merk Sepatu Sport Berdasarkan 
Perilaku Konsumen Dengan Menggunakan Metode Rantai Markov 
Ni Luh Putu Hariastuti 
 
424
Integrasi Konsep Balance Scorecard pada Business Plan dalam Proses 
Pendidikan Kewirausahaan 
Wirawan ED Radianto 
 
433
Analisis Pengaruh Faktor-Faktor Lokasi Terhadap Lokasi Strategis dan 
Penentuan Lokasi Pusat Distribusi Pupuk Urea Di PT Pupuk Kujang 
Cikampek 
Yani Iriani dan Defi Septiyanto 
 
440
Perancangan Sistem Penilaian Dan Seleksi Supplier 
Dengan Menggunakan Metode AHP Dan Traffict Light System 
Yani Iriani  
 
449
Evaluasi Kapabilitas Proses Pembuatan  Produk Ballast Close Type  
Menggunakan Pendekatan Six Sigma Di PT. Nikkatsu Electric Works 
Arief Rahmana dan Benni Berutu 
 
457
Penentuan Rute Order Picking dengan Menggunakan Metode Heuristik 
(Studi Kasus: PT ”X”) 
Rienna Oktarina, Wini 
 
466
Pemodelan Knowledge Sharing Antara Residen Senior Dengan Residen  
Junior (Studi Kasus : Bagian Ilmu Kesehatan Anak RSUP Dr. Hasan Sadikin 
Bandung) 
Oktri Mohammad Firdaus, Eki Rakhmah Zakiyyah 
 
475
Analisis Pengaruh Lingkungan Kerja Terhadap Aktivitas Pekerja (Studi 
Kasus : PT World Yamatex Spinning Mills) 
Oktri Mohammad Firdaus, Nelson Julio da Costa Martins 
 
483
Analisis Tingkat Spesialisasi Sektor Ekonomi Unggulan Di Kabupaten 
Ciamis Berdasarkan Metode Location Quotient   
Arief Rahmana  
 
 
 
492
5th National Industrial Engineering Conference 
 
 
 
vii 
Perencanaan Prioritas Perawatan Peralatan Pabrik Berdasarkan Kritikalitas 
Peralatan  
Sigit Miskardi 
 
498
Perancangan Model Optimasi Jaringan Distribusi Multi Produk dengan Fuzzy Multi 
objective Mixed Integer Linear Programming 
Dina Natalia Prayogo 
 
506
Integrasi Balanced Scorecard, Singapore Quality Award dan Pembobotan SMART: 
Studi Kasus pada P.T. Sinar Baru Stone, Ende, Indonesia 
Eric Wibisono, Lisa Mardiono, Fenny Nikolay 
 
515
Corporate Venturing: The identification and assessment method 
Zulaicha Parastuty  
 
525
Studi Kelayakan Penerapan RFID  di Perpustakaan Universitas Surabaya 
Jerry Agus Arlianto, Hanif Umar Baraja, Joniarto Parung 
 
538
Perancangan Peralatan Material Handling Pada Lantai Produksi Percetakan Koran 
PBP Di PT X 
Niken Parwati dan Nidia 
 
547
Thermal Performance in Prototype Traditional Timber House  
Agung Murti Nugroho, Eka Murtinugraha 
 
555
Penyusunan Standard Operating Procedures dan Perancangan Kerangka 
Pengukuran Kinerja Berbasis Balanced Scorecard untuk Mewujudkan Good 
governance di Koperasi Karyawan ”X” 
Monika Setyowati Hartono, Lisa Mardiono, M. Rosiawan 
 
567
Perbaikan Kualitas Proses Produksi Dengan Pendekatan Lean-Sigma Pada Divisi 
Produksi II, PT. Ilufak Plaskaging, Sidoarjo  
Jerry Agus Arlianto, Meiriani Salim, Anantasari 
 
575
Model Optimisasi Ukuran Lot Produksi yang Mempertimbangkan  Inspeksi 
Sampling dengan Kriteria Minimisasi Total Ongkos 
Arie Desrianty, Fifi Herni M, Adelia Septy Perdana 
 
584
Strategi Pengelolaan Risiko Industri Biodiesel dengan Pendekatan Logika Fuzzy 
Anggara Hayun Anujuprana 
 
594
Biomedical Product Design; Desain Produk Stimulator Functional Electrical 
Stimulation untuk Rehabilitasi Kemampuan Kontraksi Otot Lower Limb 
Hendi Wicaksono 
 
607
Sistem Furnitur Unit Perpustakaan Taman Kanak-Kanak 
Wyna Herdiana 
 
615
Pengembangan Model Penyusunan Strategi Untuk Meningkatkan Daya Saing 
Program Studi International Business Management  di Surabaya 
David Sukardi Kodrat 
624
 
5th National Industrial Engineering Conference 
 
 
 
viii 
Keynote Speech 
 
Collaboration: Langkah Mempercepat Inovasi dalam Supply Chain 
 
 
Joniarto Parung 
Jurusan Teknik Industri 
Fakultas Teknik, Universitas Surabaya 
Jl. Raya Kalirungkut, Surabaya 60293 
E-mail: jparung@ubaya.ac.id 
 
 
Ringkasan 
 
Inovasi seringkali dianggap sebagai suatu “alat” khusus yang melekat kepada seorang  
entrepreneur karena melalui inovasi “seseorang” akan meng-eksploitasi perubahan menjadi 
suatu peluang bisnis yang berbeda. Kemampuan Entrepreneurships tersebut, pada awalnya 
diasosiakan dengan Inovasi pribadi (individual) yang akan memulai suatu bisnis, tapi kini 
telah berkembang kepada pemahaman Inovasi organisasi, bahkan ke inovasi Organisasi yang 
diperluas seperti supply chain. Inovasi yang dilakukan organisasi telah dibuktikan oleh 
banyak perusahaan di Eropa dan USA sebagai suatu strategi bersaing untuk menggantikan 
strategi “low cost strategy leadership”. Melalui pengalaman perusahaan multinasional, 
diketahui bahwa pada praktiknya, Inovasi dilakukan secara bertahap, diawali dengan langkah 
sederhana misalnya focus ke proyek tertentu, lalu inovasi ke sistem, sampai ke inovasi pada 
seluruh aspek perusahaan. Namun dari pengalaman berbagai perusahaan yang menjadi 
perintis Inovasi, diketahui kalau langkah yang telah dilakukan cenderung lambat, padahal 
keberhasilan langkah atau strategi Inovasi terletak pada kecepatan. Upaya dan penelitian yang 
terus menerus dilakukan oleh praktisi dan akademisi, memunculkan suatu langkah inovatif 
lain, yaitu Collaboration. Langkah ini mengajak berbagai organisasi untuk bekerjasama dalam 
lingkup yang lebih luas tanpa dibatasi oleh sekat negara, ideology, kemampuan ekonomi, 
politik dan kemampuan teknologi untuk menghasilkan dan mengantarkan produk/jasa ke 
konsumen sesuai value yang diharapkan dan mau dibayar oleh konsumen. Makalah ini akan 
menunjukkan bagaimana bentuk collaboration tersebut dilakukan oleh berbagai organisasi 
untuk mempercepat Inovasi dalam supply chain, diantaranya kolaborasi sejak disain product 
sampai kolaborasi dalam distribusi dan transportasi produk.. 
 
Kata kunci: Inovasi, collaboration, supply chain 
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Abstrak 
 
Sebuah produk yang berkualitas haruslah sesuai dengan kebutuhan konsumen. Sekarang ini banyak 
sekali konsumen bingung memilih produk di pasaran yang memiliki fungsi yang sama. Konsumen 
secara subyektif menentukan apa yang nantinya akan mereka beli. Desain secara tangguh (robust 
design) sangatlah penting dipertimbangkan dalam hal ini. Sebuah isu yang penting yang perlu 
diperhatikan adalah bagaimana menangkap dan menerjemahkan kebutuhan emosional konsumen ke 
dalam suatu produk. Robust design tersebut dapat tercapai dengan memahami sumber kebisingan 
(noise) dan mengambil tindakan untuk mengurangi sensitivitas dari produk atau proses terhadap 
sumber kebisingan tersebut. Sangatlah penting untuk memahami parameter performansi dari suatu 
produk atau proses yang kritis dan akhirnya tercapai nilai performansi dan variasi yang optimal. 
Makalah ini menyajikan 2 metodologi tentang desain tangguh (robust design) dengan melibatkan 
aspek emosi yang diinspirasi oleh penelitian Lai dkk [4]. Konsep Kansei Engineering [6, 7, 8], inner 
and outer orthogonal arrays, dan signal-to-noise ratio oleh Taguchi [19] memberikan peranan 
penting dalam metodologi desain ini (emotional robust design). Singkatnya, dengan melibatkan 
emotional robust design ke dalam suatu produk, hal ini akan menguntungkan konsumen dan produsen. 
Diharapkan nilai kompetitif dari suatu produk atau produsen akan bertahan karena pangsa pasar 
akan meningkat berkaitan dengan turunnya harga ke konsumen.  
 
Kata Kunci: Robust design, Kansei Engineering, emotional design, inner and outer orthogonal arrays, 
signal-to-noise ratio, Taguchi 
 
Abstract 
 
When product is useful to customers and meeting customer’s requirement, the product is said to be 
qualified. Nowadays, many products will be functional equivalent and therefore hard to distinguish 
between for the customers. Customers tend to subjectively choose the products that they will purchase. 
Robust design is important to be considered to address this today’s consumer trend in the product 
development. One big issue for product designer today is to be able to capture the customer’s 
considerations and feelings (emotions/kansei) of products and translate these emotional aspects into 
concrete product design. This robust design could be achieved by understanding the potential sources 
of noise and take actions to desensitize the products or processes to these potential sources of noise. It 
means that it is important to understand the critical process or product parameters of a desired 
performance and finally to obtain the optimal value of performance and variation (noise). This paper 
provides 2 methodologies of emotional robust design which is inspired by previous study by Lai et al 
[4]. The Kansei Engineering concepts by Nagamachi [6, 7, 8], inner and outer orthogonal arrays and 
signal-to-noise ratio by Taguchi [19] play important role in the emotional robust design 
methodologies. In short, by involving the robust emotional design into the product, it will be benefiting 
to both consumers and manufacturers. It is hoped that the competitive value of products or 
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manufacturers is highly sustained since the market share will increase due to the lower costs for the 
consumers. 
. 
Keywords: Robust design, Kansei Engineering, emotional design, inner and outer orthogonal arrays, 
signal-to-noise ratio, Taguchi 
 
1. Introduction 
1.1 From traditional into modern: quality perspective 
 
When product is useful to customers and meeting customer’s requirement, the product is said 
to be qualified. The customer’s requirement with respect to a given measured feature such as 
production rate, production time, power output etc, can be represented by lower and upper 
specification unit. By testing and inspection as traditional approaches, there will be potential 
lost to customers which are α error and β error. In addition, by the error-free inspection (no α 
error and β error) the customers have to pay for the correctly rejected unit which is a higher 
price set by manufacturer. Since the price set by manufacturer is higher, the manufacturer has 
to suffer a loss of profit.  
 
The other weakness of traditional approach is that there is still a noise in the manufacturing so 
that there will be opportunities for defective products [2]. Hence, the customers will suffer 
deeper and the manufacturers will loose of profit. It is important to improve the quality to 
satisfy the customers by managing the noise. It is hoped that the cost will be reduced as well. 
It is desirable to aim for quality during the product or process stage. There are three strategic 
ideas for this, i.e. 100% screening, change technology and robust design. By doing the 100% 
screening and change technology, it will make either customers and manufacturers get hurt 
since the result will either wasteful for 100% screening or expensive for change technology 
[2]. Therefore, the robust design is a better way to improve the quality since the result will 
cost-free.  
 
1.2 Quality Engineering and Robust Design 
 
The noise factors in Taguchi method could include product noise such as a piece to piece 
variation in the product features. Robust Design method, also called the Taguchi Method, 
pioneered by Dr. Genichi Taguchi, greatly improves engineering productivity. Later on the 
idea of Taguchi came to the optimization of product and process against the environmental 
and manufacturing noise effects. This concept leads to the way to obtain µy closer to the target 
for y and minimize 2yσ [2].  By consciously considering the noise factors (environmental 
variation during the product's usage, manufacturing variation, and component deterioration) 
and the cost of failure in the field the Robust Design method helps ensure customer 
satisfaction.  
 
The way how to apply the experimentation of robust design is very important in achieving 
low cost during the manufacturing and throughout the product life. Once the current physical 
system achieves the maturity stage, it is suggested to do the design of experiment (DOE) for 
the new products and processes. The other way is that by doing a simulation to adjust designs 
due to potential noise factors.  The application of robust design is mainly for managers during 
the product and process design and development stage since 1990 [2]. Robust Design focuses 
on improving the fundamental function of the product or process, thus facilitating flexible 
 5th National Industrial Engineering Conference 
 
 
 
349 
 
designs and concurrent engineering. Indeed, it is the most powerful method available to 
reduce product cost, improve quality, and simultaneously reduce development interval [11]. 
 
1.3   The segmentation of design process 
 
To consider quality implications during design, the design process can be segmented into 
three stages. The first stage, system design, establishes the functionality of the product, the 
physical product envelope, and general specifications. The second stage, parameter design, 
establishes specific values for design parameters related to physical and functional 
specifications. It is during these first two stages that the designer has the greatest opportunity 
to reduce product costs through effective functional design and parameter specification. The 
third stage, tolerance design, establishes the acceptable tolerances around each parameter or 
target. The third stage typically will add costs to the product through efforts to ensure 
compliance with the tolerances associated with product parameters [10]. Robust design is in 
the stage of parameter design.  
 
2. How the Robust Design meets the quality 
 
A product or process that is robust when it is designed to be insensitive to the various 
conditions or noise of its use. There are two issues should be addressed in the robust design 
which are how to ensure insensitivity of performance due to the changes in environmental 
conditions and how to ensure insensitivity of performance due to the variations in the 
characteristics of components [1].  
 
Robust design could be achieved by understanding the potential sources of noise and take 
actions to desensitize the products or processes to these potential sources of noise. It means 
that it is important to understand the critical process or product parameters of a desired 
performance and finally to obtain the optimal value of performance and variation (noise). In 
other words, robust design aims to counter or minimize the impact of noise based on 
statistical characteristics of design parameters [2]. Furthermore, it tries to anticipate the noise 
which the product may encounter during its useful life; thus design parameters are set at 
values that would help counteract such unavoidable noise once the product is in the hands of 
the customers [2]. Noise is the result of variation in materials, processes, the environment and 
the product's use or misuse. The minimization of variation (noise) is important to reduce “loss 
to society”. But, the minimization of noise will be done without any profit reduction or capital 
investment, thus benefiting both the manufacturers and customers [2].   
 
 
Figure1. Robust design in minimizing the variance [12] 
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yµ
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Figure2. Framework for robust design [2] 
 
Figure 1 and 2 show how the robust design will be achieved. By adjusting the product design 
parameters (input in Figure 1 or x1, x2…xk in Figure 2), it is hoped that the mean of product 
performance (output in Figure 1 or µy in Figure 2) will be achieved closer to the target value 
while variance (σ 2y ) will be minimized.  
 
2.2 How to handling the variances 
 
Basically the quality and reliability problem is not from control factors/parameters but from 
noise factors/parameters. Usually noise is applied only as supporting role: 
                                                                 
noise
signalt =                                (1) 
Therefore, if nothing we can do to the noise, nothing we can do to the quality and reliability 
too. This is related to the σ2. In this case, instead of having the noise coming from the top of 
the model, it is important to treat the noise as response. In the robust design, there are some 
approaches to handle the variances as follows: 
- Direct variance reduction ? 2k-p x r  
- Control x Noise reduction ? simulated noise 
- Inner Array x Outer Array ? special arrangement with simulated noise 
- Transmitted noise ? non-linearity 
- Manufacturing noise [inner x outer] 
 
This paper shows the proposed methodology of how the Inner Array x Outer Array in the 
robust design will be implemented in the emotional design.  
 
2.3 Sustainable objective in robust design 
 
The main objective of robust design is to maintain the consistency in quality to achieve 
customer satisfaction. The long-term performance y of the product or µy must be closer to the 
target as much as possible [2]. The other one is that the minimization of variance should be 
achieved regardless of all input design parameters and noise factors. Once those objectives are 
achieved, the final result is benefiting to manufacturer due to minimum cost of materials, 
parts and every requirements in the manufacturing process [2]. Hence, the competitive value 
of products or manufacturer is highly sustained since the market share will increase due to the 
lower costs for the customers.    
 
2.4 Emotional design to meet consumer’s need 
 
Nowadays, many products will be functional equivalent and therefore hard to distinguish 
between for the customer. Customers tend to subjectively choose the products that they will 
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purchase. The current trend in product design has shifted from functionalism (form follows 
function) to product semantics (form follows meaning) [18].  
 
One big issue for product designer today is to be able to capture the customer’s considerations 
and feelings (emotions) of products and translate these emotional aspects into concrete 
product design [13]. Modern consumers not only place importance on a product’s physical 
quality, but also employ their sentimental responses when deciding whether or not to purchase 
a particular product [5]. The sentimental responses are related to the feelings or emotional 
needs. An evidence was shown by Apple’s products such as iMac computer and IPOD which 
having superior feeling features such as color, they can sell better and better even they left 
advanced technology. In Japanese word, emotional design is called Kansei Engineering. 
Kansei is a Japanese word meaning psychological feeling. This technique is based on 
subjective estimations of products and concept properties and helps customers to express their 
emotional demands on the products, even those which they are not aware of.  
 
Nowadays, many consumers make purchasing decisions about products based on how the 
products make them feel. Manufacturers should therefore strive to produce products that 
match consumers’ desires and feelings, or they will not survive in a fast changing and 
competitive marketplace [3]. A significant proof also came from the successful Sharp’s 
redesigned video camera which increased its market share from 3% to 25% quickly. Kansei 
Engineering is a powerful ergonomic and consumer-oriented technology that can create new 
products, human-machine systems, work environments, and social systems [3].    
 
2.5 Robust emotional design and quality 
 
The word quality originates from the Latin word ‘qualitas’ and means “of what”. The ISO 
9000 definition provides a direct connection between quality and the properties of a product: 
Quality is “the totality of those properties and characteristics of a product or an activity that 
relate to its suitability to fulfil stated requirements.”  Even more affective oriented definitions 
occur and reveal connections to the field of ergonomics: “A product/service is of quality when 
it makes a maximum contribution to the health and happiness of all people involved in its 
production, use, destruction, and reuse” [14]. Tribus defines quality in even more emotional 
terms: “Quality is what makes it possible for a customer to have a love affair with your 
product or service” [15]. Focusing on product development processes two aspects of the 
above presented definitions are of importance:  
• affective aspects (emotional impact of the new product)  
• design aspects (product properties)  
Every product possesses a number of properties, which enables it to fulfil the function that it 
is originally designed for. Generally, the products are divided by two terms as follows [13]:  
• design parameters, and  
• product traits  
 
The design parameter is intentionally designed main property of the product. In contrast, a 
product trait is a product property which was not intended by the designer but nevertheless a 
property of the product. For example: when designing a cell phone, the housing is usually 
made out of plastic, since it is easy and cheap to produce, light, shock-absorbing and it has a 
smooth surface. All of them are the intended design parameters. On the other hand the 
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material like the shock absorption, its thermal conduction, which are not originally intended 
but are now properties of the cell phone [13].   
 
In the robust emotional design, the product traits are called by the uncontrollable factors 
(noise), whereas the design parameters are controllable factors. Robust emotional design 
assists the designers in enhancing the feeling quality of their products. How to optimize the 
design parameters is highlighted. It is difficult to measure the feeling quality of products. The 
term ‘‘quality’’ which refers to the ability of a product to satisfy the consumers’ requirements 
and expectations [9] and “lost to society” by Taguchi also can refer to emotional design since 
it satisfies a certain set of consumer emotional targets. Robust design employs a simple 
experimental approach to determine the optimal design parameter settings by analyzing the 
complex relationships among the controllable factors (design parameters), the uncontrollable 
factors (noise factors), and the quality performance [4]. The relationship among the design 
parameters and noise factors is shown by the layout of orthogonal arrays (it is shown in the 
section 2.5.1). The signal-to-noise ratio (SN Ratio) is also given to evaluate the quality of 
designed product. 
 
2.5.1 Inner and Outer Orthogonal Arrays 
 
Typically, controllable factors are assigned to an orthogonal array, called the inner array. 
Signal and noise factors are assigned to another array called the outer array. An experimenter 
or a simulation is conducted for all combinations between the inner and outer arrays. To 
conduct parameter design, the use of orthogonal arrays such as L12 and L18 for the inner array 
is recommended. L12 is used for 2-level factors and L18 for 3-level factors. For the outer array, 
either a simple orthogonal array such as L4 or L9 can be used to assign both signal and noise 
factors. Here is one example of layout of an orthogonal array with objective of closeness to 
target: 
 
Table 1. Layout of an orthogonal array with objective of closeness to target [16] 
Control Factor 
Test A B C D E F G H I J K Noise Factor η  y  No 1 2 3 4 5 6 7 8 9 10 11 N1 N2 N3 
1 1 1 1 1 1 1 1 1 1 1 1 oo oo oo 1η  1y
2 1 1 1 1 1 2 2 2 2 2 2 .     
3 1 1 2 2 2 1 1 1 2 2 2 .     
4 1 2 1 2 2 1 2 2 1 1 2 .     
5 1 2 2 1 2 2 1 2 1 2 1      
6 1 2 2 2 1 2 2 1 2 1 1      
7 2 1 2 2 1 1 2 2 1 2 1      
8 2 1 2 1 2 2 2 1 1 1 2      
9 2 1 1 2 2 2 1 2 2 1 1      
10 2 2 2 2 1 1 1 2 2 1 2      
11 2 2 1 1 1 2 1 1 1 2 2      
12 2 2 1 1 2 1 2 1 2 2 1 oo oo oo   
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SN ratio = η = 10 log10( )/ 22 σy , where y = average and 2σ = variance around the average. 
Target
 o o
o
o o
y 1y
 
Figure 3. SN ratio with objective of closeness to target 
 
 
2.5.2 Signal-To-Noise Ratio (SN Ratio) 
 
In quality engineering, the concept of SN ratio has been adapted to evaluating the quality of a 
product or a manufacturing process. Conceptually, SN ratio is the ratio of signal to noise in 
terms of power. From another viewpoint, SN ratio represents the ratio of sensitivity (or 
“average” in non dynamic terminology to variability). Traditionally, the research for a product 
or a manufacturing process aims for a target, a fixed target, in the first place. Parameter 
Design tries to maximize the SN ratio by changing parameter level of the control factors 
associated with the product’s design [16]. 
 
According to Taguchi’s philosophy, the criteria of SN ratio should differ depending on the 
objective of the experimenter [1]. Some examples are given in the table 2 as follows: 
 
Table 2. Some criterion of SN ratio 
Objective Criterion 
Closeness to target SNT = 10 log10( )/ 2
2
sy  
Response as large as possible (the larger 
the better) SNL = ∑
=
−
n
i
iyn 1
2
10 ))/1(
1(log10  
Response as small as possible (the smaller 
the better) SNS = ∑
=
−
n
i
iyn 1
2
10 )
1(log10  
 
3.  Problem definition 
 
A consumer’s feeling plays an important role in determining which products will meet the 
consumer’s need. If we fail to meet the consumer’s need then the risks will exist that the 
product is a failure before it even enters the market. It is important to propose a robust design 
so that it is not only to segment the market into particular consumer groups comprising 
individuals with common characteristics. However, many problems still remain in developing 
an affective design process which is how to estimate and to enhance this feeling is difficult 
since a variance exists between different consumer’s evaluations [4]. Intensive market 
competition now compels product developers to meet very short development cycle times and 
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to address the demands of highly diverse target markets [4]. Many Kansei Engineering have 
proposed methods to infer a prototype which will generate the required consumer feeling [[6], 
[7], [8]], but they lack flexibility which allows them to be applied to diverse market [4].  
 
This paper shows and develops the methodology of robust design to enhance the quality of 
products by (i) bringing the response closer to the target and also (ii) reducing the discrepancy 
between the actual consumer feeling and the target feeling. In addition, it is hoped that robust 
design concept will counter or minimize the impact of noise based on statistical characteristics 
of design parameters.  
 
4. The objective  
 
The objective of this paper is to apply the robust design concept to create a method in 
enhancing the consumer’s emotional needs which can minimize the uncontrollable noise and 
have a competitive advantage in the market. It is hoped that the robust design will improve the 
feelings (emotional needs) quality of products.  
 
5. Methodology 
 
This paper proposes 2 methodologies which can be useful for the product planning and 
development phases based on the consumers’ emotional needs. The detailed phases are as 
follows: 
 
5.1 Methodology I 
 
There are several steps in the robust emotional design as follows: 
Phase 0:  to determine the particular product will be made and developed 
Phase  1: to identify the controllable factors which influence the products. It is likely to 
include material, temperature, and many things 
Phase  2: to identify the uncontrollable factors (noise) which also can contribute to the 
performance of products 
Phase  3:  to identify the crucial images of products related to the emotional (kansei) needs 
for the controllable and uncontrollable factors. How the consumers grasp the image of a 
product in terms of psychological estimation is important. The techniques proposed in Kansei 
Engineering [6, 7, 8] is useful to grasp the people’s perceptions about the product form. 
Phase 4:  to set levels of controllable factors and uncontrollable factors 
Phase 5: to select inner and outer orthogonal array (OA). The inner OA is specified according 
to the number of controllable factors (i.e. product design parameters) and levels. The outer 
OA is specified in accordance with the number of uncontrollable factors (i.e. consumer 
characteristics) and levels. 
Phase 6: to array the experiment and generate experimental samples 
Phase 7: to explore the consumers’ perceptions about the products based on the controllable 
and uncontrollable factors for n numbers of consumers. The consumers will be given a 
drawing design in a piece of A4 paper of each combination factors and their levels. The 
Semantic Differential (SD) method could be used to explore the consumers’ perceptions about 
product form [17]. In the SD test, image and preference perception will be scored according to 
a 9-point scale. A bipolar pair of descriptive adjectives defines the attribute scale, with the 
positive word on the right and its negative counterpart (antonym) on the left. On this 
evaluation scale, a score of 9 points means that the subject has a very strong positive 
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impression of the sample (combination of several levels of factors), while 1 point means a 
very strong negative impression [17].  
Phase 8: to calculate the S/N ratio with objective of closeness to target (it is assumed that the 
closeness to target is chosen as a criterion). The S/N ratio in this case is SNT = 10 log10 
( )/ 2
2
sy , where y = average of consumers’ perception and 2s = variance around the average. 
Finally, we select the best factor which gains the most desirable result. 
 
5.2 Methodology II 
 
The methodology II is adopted from the study conducted by Lai et al [4]. Some additional 
parts in certain phase are proposed. There are several steps in the robust emotional design [4] 
as follows: 
 
Phase 1: to set target feeling. This phase involves the use of preliminary market analysis to 
specify the position of the target feeling in a feeling space composed of various critical image 
scales. We could use the Kansei Engineering [6, 7, 8] to define what the crucial image of the 
product. It is also called the step for capturing the kansei words (image). There are some steps 
in this phase: 
a. Identify crucial images and evaluation scales 
b. Construct multidimensional feeling space 
c. Select the position of target feeling 
 
Phase 2: Taguchi experiment. In the second phase, a Taguchi experiment is performed using 
appropriate inner and outer orthogonal arrays (OA). The inner OA is specified according to 
the number of control factors (i.e. product design parameters) and levels. The so called 
‘‘combinative samples’’ (i.e. experimental product samples) are then separately generated in 
accordance with the condition array of the inner OA. The outer OA is specified in accordance 
with the number of uncontrollable factors (i.e. consumer characteristics) and levels. Estimator 
(consumer) groups are established, and each combinative sample is then evaluated by the 
individual estimator groups using appropriate image scales. There are some detailed steps in 
this phase: 
a. Identify control factors and setting levels 
b. Identify uncontrollable factors and setting levels 
c. Select inner and outer orthogonal array 
d. Array the experiment and generate experimental samples 
e. Perform feeling evaluation experiment 
 
Phase 3: Result analysis. Phase 3 analyzes the results of the preceding Taguchi experiment to 
obtain the optimal parameters for each factor. The feeling quality of each combinative sample 
is measured using the ‘‘smaller-the-better’’ S/N ratio since the ideal affective design is the 
design which yields the minimum feeling discrepancy. The “smaller-the better’’ S/N ratio, is 
given by  
S/N ratio = ∑
=
−
n
i
iyn 1
2
10 )
1(log10           (2) 
where yi is the feeling discrepancy of the ith group and n is the number of estimator groups in 
the outer OA. The final objective of phase 3 is to identify the optimal levels (parameters), 
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which reduce this S/N ratio to a minimum value for each factor.  There are some detailed 
steps in this phase: 
a. Calculate feeling discrepancy 
b. Calculate S/N ratio 
c. Select the setting optimal parameters 
 
Phase 4: Improvement and verification. In this phase, ANOVA is employed to identify the 
most significant factors, and the initial design is then modified accordingly.  There are some 
detailed steps in this phase: 
a. Select powerful control factors by ANOVA 
b. Redesign initial design 
c. Predict the S/N ratio of the improved design 
d. Perform verification experiment to confirm  the prediction 
 
6. Case study 
 
This paper provides 1 proposed example of Methodology I. Here is the detailed application: 
The controllable factors of phone product could be material, temperature, machining process, 
operator etc. On the other hand, the uncontrollable factors might be the usage pattern, 
charging time etc. After identifying the controllable and uncontrollable factors, the images 
crucial images of products related to the emotional (kansei) needs are defined. Based on the 
study conducted by Hsu et al. [17], there are some image words pairs can be used for 
describing the image of phone product as the following: 
 
Table 3. Sixteenth image word pairs used in the SD test [17] 
Traditional-modern Heavy-handy Hard-soft Hand-made--hi-tech 
Large-compact Masculine-feminine Obedient-rebellious Conservative--avant-garde 
Coarse-delicate Unoriginal-creative Rational-emotional Plain-luxurious 
Childish-mature Common-particular Nostalgic-futuristic Personal-professional  
 
For discussion, we define 2 controllable factors (A and B) with 2 levels (1 and 2) and 2 
uncontrollable factors (N1 and N2) with 1 level.  A is related to the shape of phone (large-
compact), B is related to weight of phone (heavy – handy), whereas the N1 and N2 are related 
to environmental conditions (outer noise). Some numerical numbers are presented as the 
following: 
 
L4 (23) design 
Run no. A B A x B N1 N2 S/N 
1 1 1 1 *4.5 9 **-17.04 
2 1 2 2 5.625 7.875 -16.71 
3 2 1 2 3.375 5.625 -13.33 
4 2 2 1 2.25 2.7 -7.91 
S/N 1 = -10 log 04.17
2
95.4 22 −=+  
*Response: it is calculated using SD test which is image and preference perception that will 
be scored according to a 9-point scale. The data is the average score response from n 
consumers.  
** S/N ratio criteria is using the-smaller-the-better calculation 
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The signal to noise response table is generated in the same fashion using the S/N values as the 
mean response table was derived in level average analysis, by combining and averaging the 
mean response for each factor (and interaction) level. Accordingly, the effect of a factor (or 
interaction) is equal to the difference between the average S/N for each level (two levels) or 
the difference between the highest average S/N and the lowest average S/N (more than two 
levels) [19]. The average signal-to-noise ratio will be calculated as follows: 
For A1: S/N = {(-17.04-16.71)/2} = -16.875 
For A2: S/N = {(-13.33-7.91)/2} = -10.62 
Effect of A = )62.10(875.16 −−− =6.255 
Here is the detailed response table: 
S/N Response Table 
Level A B A x B 
1 -16.875 -15.185 -12.475 
2 -10.62 -12.31 -15.02 
Delta 6.255 2.875 2.545 
 
From the table above, factor A is the most influence since it has the greatest delta score. As in 
any signal-to-noise analysis it is recommended to choose the highest average S/N values. 
Therefore factor A is highly recommended. Since A2>A1, A2 is recommended. Next, we will 
proceed with a more in-depth analysis of interaction A x B. Here is the calculation of S/N 
interaction: 
Interaction matrix 
 B1 B2 
A1 -17.04 -16.71 
A2 -13.33 -7.91 
It seems that the identification of A2B2 is the best interaction combination.  
 
7. Conclusion and recommendation  
 
This paper proposes 2 methodologies of robust emotional design which employs emotional 
needs into product design. The inner and outer orthogonal arrays by Taguchi is useful to 
obtain the optimal design parameters which cause the consumers’ feelings induced by the 
redesigned products to be closer to the target feeling than the initial products, while 
simultaneously reducing the influence of the consumers’ highly individualized characteristics. 
The emotional needs are collected by using the Kansei Engineering technique. The advantage 
of this proposed design is that the present robust design method reduces the time and cost 
required to complete the feeling evaluation study and obtain the optimal emotional design 
parameters of the product directly. Therefore, product developers and designers are faced with 
the challenge of creating and redesigning products which cater to consumers of all types and 
preferences. Finally, the designed products will compete in the market effectively and 
efficiently.  
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